Introduction: The collected and shipped blood samples are exposed to a various extra-analytical factors prior to analysis. The aim of the study was to determine the stability of analytes in serum gel tubes and plain tubes exposed to a range of storage temperatures and times after centrifugation. Materials and methods: Fifteen healthy volunteers were recruited and venous blood was collected into four tubes, two with and two without gel separator. Analyzing the baseline samples in 30 min, all were stored at 4ºC or 24ºC for 6, 12, 18, 24, 30, 36, 48 and 72 hours and 1 week. Sixteen biochemical anaytes were measured on each sample. Variations remained under the desirable bias considered as clinically insignifi cant. Results: On day three, most analytes remained stable including albumin, protein, creatinine, cholesterol, triglycerides, gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), alanine aminotransferase (ALT), creatine kinase (CK), lactate dehydrogenase (LD) regardless of tube types. Glucose concentration decreased markedly (P = 0.001) beginning from the fi rst hours of storage in plain serum. The stability maximized for the analytes including glucose, total bilirubin, urea nitrogen (BUN), uric acid stored at 4 ºC in gel tubes. Aspartate aminotransferase (AST) activity increased signifi cantly (P = 0.002) up to 48-h, however bias was not signifi cant clinically. High density lipoprotein (HDL) concentration was stable in gel tubes at 24 ºC, in plain tubes at 4 ºC stored up to 36-h. Conclusion: Serum gel or non-gel tubes might be used interchangeably for 11 analytes chilled or at 24 ºC, whereas some restrictions must be applied for glucose, AST, BUN, HDL, and uric acid.
Introduction
Collecting blood samples from individual laboratories and studying in one center has become more popular in recent years to ease health care costs. Accordingly, the extra-analytical factors affecting the analysis process such as diff erent transportation conditions, prolonged storage at high or low temperature, improper handling (without frozen packs), are still sources of interest (1, 2) . Though it is highly recommended to study tests from freshly drawn serum or plasma, delay in the testing process or reuse of the samples for missing results that may cause false concentrations are sometimes inevitable (3) (4) (5) .
For many years the blood collection tubes have been used both with and without gel separator. During centrifugation, gel undergoes a temporary change in viscosity and lodges between the packed cells and the top serum layer. Advantages of separator tubes are rapid separation of serum from cellular constituents of blood, easy transportation, elimination the need of aliquoting serum, and reduction the aerosolization of hazardous substances (6) . However, blood collection tube additives also can be a source of analytical errors. Inorganic silicates, or ellagic acid, thrombin and tromboplastin are frequently used clot activators. Occasionally, clot activator particles may not pellet completely with the clot and may remain in the serum layer, causing interferences by coating pipetting devices especially during storage of the collection tube with improper storage temperatures (7, 8) . While interference mechanism of the tube components may be due to additives; where the interfering substance is present in the tube, chemical inhibition or activation in the assay by tube components, it is recommended to test tube component interference by collecting samples either at plain tubes and tubes with additives (9) . The information available for sample stability is incomplete and confusing, especially after prolonged contact of sera with clot or gel. Most of the studies were designed by assessing the stability of parameters prior to centrifugation or with whole blood stored for a few days. The main objective of our study was to evaluate whether the separator gel or clot in tubes infl uence the concentrations of 16 selected parameters in a clinically signifi cant way. To mimic the delays in processing or shipping in the diff erent tube types, we focused on four preanalytical conditions; a delay in processing of plain serum at 4 ºC, and at 24 ºC, and a delay in processing of serum in gel tube at 4 ºC, and at 24 ºC up to one week of storage in ten time intervals. This study may help to verify the optimum stability conditions for mailed specimens before reaching the laboratory.
Materials and methods

Subjects
This experimental study was carried out in March 2010. The study group consisted of fi fteen voluntary physicians and laboratory technicians (9 females and 6 males, age range 24-45 years), who gave written informed consent form for testing. The procedures we used were in accordance with the guidelines of the Helsinki Declaration on human experimentation. Fasting venous blood was randomly collected in the morning from each participant by a single venipuncture to control for any draw order bias and the tubes were fi lled completely. Blood (totally, 34 mL) was collected from each volunteer using two serum separator tubes with gel and two without gel. All were categorized according to tube types and storage temperatures:
Blood sampling
Group I (N = 15) Serum Gel at 24 ºC (room tem-• perature defi ned as RT); Group II (N = 15) Serum Gel at 4 ºC (chilled); • Group III (N = 15) Serum Plain at 24 ºC; • Group IV (N = 15) Serum Plain at 4 ºC. • Sera were allowed to clot for 30 min at RT and then centrifuged at 2200 x g for 10 min. Immediately following centrifugation, all specimens were analyzed within 30-min to obtain the "0 hours = T 0 " (baseline) values. Tubes of each group were then stored at particular storage temperatures (RT or chilled) and analyzed at diff erent time intervals (6-, 12-, 18-, 24-, 30-, 36-, 48-, 72-hour and 1 week). To evaluate the stability of analytes in serum separator tubes, sera were stored on the gel or on the clot during the process. The tubes were kept avoiding from light exposure at RT or chilled during all storage times up to one week. To avoid evaporation, sample tubes were kept closed until analysis.
Methods
The following analytes were studied: metabolites: glucose, total bilirubin, creatinine, • BUN, uric acid; proteins: total protein, albumin; • lipids: triglycerides, cholesterol, HDL; • enzymes: ALP, ALT, AST, CK, GGT, and LD. • All assays were performed on the Abbott Aeroset (Abbott, Wiesbaden, Germany), according to the manufacturer's specifi cations by using proprietary reagents at the Department of Biochemistry Laboratory of Ataturk Training and Research Hospital in Izmir, Turkey. Intra-assay analytical CV's were determined by two levels of control materials (Bio-Rad Laboratories, Milano, Italy) (N = 10, from each level on the same plate) on the same day before biochemical analysis (Table 1) . Additionally, for accuracy and internal quality check, two levels of control materials and the test samples were assayed in the same analytical run at each assay point during the process. All values of QC samples for analytes were within ± 2 SD (standard deviation) of their respective target means during the entire investigation.
Statistical analysis
In the current study, to determine time dependent changes, the median from all 15 volunteers for each analyte was obtained for each time interval at each group. Statistically signifi cant changes were determined by non-parametric Friedman test for repeated-measures to examine the infl uence of storage time. Finding the signifi cant diff erences (P < 0.05), Wilcoxon signed-rank test was used for those groups. Post-hoc analysis was conducted with a Bonferroni correction applied, resulting in a signifi cance level set at P < 0.006 (0.05/9 = 0.0055). All statistical analyses were performed using SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA). To determine the clinically significant variations the percentage relative bias from the baseline sample was calculated by the formula:
[(Cx-C1)/C1)] × 100.
C1: the median result of the T 0 sample (N = 15), Cx: the median result of the stored sample (N = 15). Percentage relative bias for paired groups (T 0 -T 6 , T 0 -T 12 , T 0 -T 18 , etc.) was then compared with the current analytical quality specifi cations for desirable bias taken from the Westgard QC (10), which was first published at 1999 and updated at 2012 by Ricos et al.
Results
The results of the present investigation at T 0 are presented in Table 2 along with the reference intervals for each analyte. The statistical analysis of serum gel / clot contact time and temperature eff ects is presented in Table  3 . The tests that were suitable for analysis on the third day of storage in all groups were cholesterol, triglycerides, creatinine, CK, ALP, ALT, GGT LD Figure 1 . Glucose, uric acid, BUN, and HDL were found as the least stable tests. Glucose concentrations decreased markedly beginning from the fi rst hours of storage especially in plain serum (by more than 18% just in one day) at RT. HDL was the least stable when stored at room temperature in plain serum. BUN and uric acid were stable only in chilled serum with gel barrier as long as 30-h. AST increased only one or two units up to 48-h of storage in all four groups. The percentage changes in total bilirubin were under the clinically meaningful variations when stored in serum gel tubes either at RT or chilled up to one week (Table 3 ). There were no failures in barrier formation in the gel tubes during the study. 
Discussion
Contrary to possible expectations, the wide range of biochemical analytes that are stored in separator tubes for several days was more stable than had already been believed. The current study demonstrates that concentrations of albumin, total protein, creatinine, cholesterol, triglycerides and activities of GGT, ALP, ALT, CK, LD did not diff er either in serum separator gel tube or in plain tube and can be measured reliably in samples kept at RT or at 4 °C for at least three days after centrifugation. Glucose concentrations decreased with increasing serum-clot contact time in plain tube and the rate of decrease was sensitive to temperature like previous studies (11, 12) . This decrease was attributed to glycolytic action of erythrocytes and leukocytes (13, 14) cited by Tietz (15) . The rate of decrease may be minimized when refrigerated at 4 °C. BUN demonstrated a better performance with a gel barrier like a previous study (16) where the increase in BUN was attributed to hemoconcentration in serum plain at both temperatures. The stability of total bilirubin in gel tubes over time demonstrated the effi ciency of gel barrier regardless of the temperature in the current study. Similar to the study from Heins et al. (17) , the concentrations of total bilirubin showed a decreasing trend stored in plain serum at RT. In general, uric acid instability was prominent at RT like previous studies (17, 18) , and gel tube had no advantages over plain tube. During the experimental study, creatinine showed decreases only in concentrations from 18 to 24-h with gel tube at RT, and 48 to 72-h with chilled plain tube exceeding the desirable bias; however, these 8.8 µmol/L decreases may not be considered clinically signifi cant. Similar results were obtained by Heins et al. (17) . Besides, in contrast to the previous study (16) , we demonstrated that gel tube has no advantage over plain tube for creatinine assay.
In the current study, small changes in concentrations were observed for albumin and total protein which were outside the maximum desirable bias (10) . However, the analytical and biological variations of those analytes are very small, for that reason we considered the changes in concentrations as clinically insignifi cant.
Cholesterol and triglycerides were stable up to one week in the current study. Similar results were obtained by Boyanton and Blick (18 Since there are discrepancies between the results of other studies and the present study, it might be explained by diff erences in analytic methods, by diff erent storage temperatures and assay intervals as most of them assayed in the same run, however in the current study all were assayed at diff erent time points like Heins et al. (17) . The enzymes GGT, ALP, CK and ALT were found as stable up to 72-h of storage in all groups. Heins et al. (17) found the same stability in plain serum up to one week at RT except for CK. LD activity was stable as long as one week in serum gel tube at both temperatures. The impressive peaks in the activity of LD at one week in plain sera may be due to interference of hemolysis (19) (20) (21) caused by changes in cell permeability, and to the fragility of erythocyte membrane during the prolonged storage. Sodi et al. (22) examined the eff ect of sample transportation on possible hemolysis, and concluded the advantages of gel barrier tubes over plain tubes. Heins et al. (17) also emphasized the instability of LD in whole blood.
In this study, AST activity changed only a few units despite the marked percentage biases and may not be considered as clinically signifi cant as long as 48-h of storage in all four groups. Heins et al. (17) also noted the stability of AST stayed until one week at RT. For total bilirubin, glucose, BUN, uric acid and LD, gel tubes showed enhanced stability compared to plain tubes and the stability can be maximized by refrigeration at 4 ºC. Practically, gel tubes can be preferred for prolonged storage, for protection against possible contamination while aliquoting and for possible cell leakage. There are two limitations that need to be acknowledged regarding the present study. The fi rst limitation concerns the visible detection of the possible hemolysis. We have not studied the free hemoglobin concentrations in the sera stored during the process. So, we have only attributed the biases of LD to the possible hemolysis interference. Besides, the evaluation of the storage conditions were done on a defi ned analyzer with its corresponding reagents with the samples stored in defi ned tube types. Therefore, the results of the current study might not be universally reproducible with other testing systems for the evaluation of the stabilities of samples stored for a time period before analysis.
In conclusion, in the current study, we have shown that the concentrations of many analytes in sera in separator tube with gel or without gel did not show any signifi cant changes even at RT as long as three days. Therefore, those mentioned analytes may be measured reliably in mailed blood samples. However it is important to note that, in hotter climates, (higher than the defi ned room temperature in this study), if the samples needed to be stored for long periods until analysis, gel tubes and storage with cold packs may be a better option.
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